Comparative study of chemical and phenolic compositions of two species of jaboticaba: Myrciaria jaboticaba (Vell.) Berg and Myrciaria cauliflora (Mart.) O. Berg  by Alezandro, Marcela Roquim et al.
Food Research International 54 (2013) 468–477
Contents lists available at ScienceDirect
Food Research International
j ourna l homepage: www.e lsev ie r .com/ locate / foodresComparative study of chemical and phenolic compositions of two species
of jaboticaba:Myrciaria jaboticaba (Vell.) Berg and Myrciaria cauliﬂora
(Mart.) O. BergMarcela Roquim Alezandro a, Pascal Dubé b, Yves Desjardins b, Franco Maria Lajolo a, Maria Inés Genovese a,⁎
a Laboratório de Compostos Bioativos de Alimentos, Departamento de Alimentos e Nutrição Experimental, FCF, Universidade de São Paulo, Av. Prof. Lineu Prestes 580, Bloco 14,
05508-900 São Paulo, SP, Brazil
b Institut des Nutraceutiques et des Aliments Fonctionnels, Pavillon des Services, Université Laval, 2440 Hochelaga Blvd., G1V 0A6 Québec, Québec Canada⁎ Corresponding author. Tel.: +55 11 30911525; fax: +
E-mail address: genovese@usp.br (M.I. Genovese).
0963-9969/$ – see front matter © 2013 Elsevier Ltd. All ri
http://dx.doi.org/10.1016/j.foodres.2013.07.018a b s t r a c ta r t i c l e i n f oArticle history:
Received 11 April 2013
Accepted 3 July 2013
Keywords:
Jaboticaba
Ripening
Ellagitannins
Proanthocyanidins
Flavonoids
Antioxidant capacityThe chemical composition and in vitro antioxidant capacity (AC) of the two most commercialized species of
jaboticaba, Sabará (Myrciaria jaboticaba) and Paulista (Myrciaria cauliﬂora), were compared in different
fruit parts (skin, pulp and seeds) and at different ripening stages. Both species presented similar mineral
and centesimal compositions, and were found to be rich sources of Mn (1.8–2.7 mg/100 g DW) and Cu
(1.0 mg/100 g DW). Except for anthocyanins, phenolic concentrations were in greater amounts in Sabará
than in Paulista. Ellagic acid derivatives (EA) contents varied according to ripening stage and also across
fruit parts (skin, pulp and seeds). Unripe jaboticaba showed the highest contents of proanthocyanidins
(PAC) and ellagitannins, as well as the greatest antioxidant capacity. Complete ripening led to a decrease
of 47% in total EA, 43% in PAC, 60–77% in AC. Seeds displayed the highest concentrations of ellagitannins
and proanthocyanidins and the greatest AC, whereas skin exhibited the highest amounts of anthocyanins
and quercetin derivatives. Phenolics strongly inhibited carbohydrate-digesting enzymes. The unripe fruit
showed the highest antioxidant capacity and phenolic contents, and ripening led to a decrease in all
these compounds. Ready-to-consume fruits were shown to be very rich sources of polyphenols, especially
anthocyanins, and an important source of ellagitannins, comparable to the berries.
© 2013 Elsevier Ltd. All rights reserved.1. Introduction
The vastly-sized Brazilian territory features a wide diversity of bi-
omes, which are home to an extraordinary variety of plant species,
including some peculiar fruits. Brazilian native fruits such as camu-
camu, buriti and maná-cubiu have been shown to display high in vitro
antioxidant capacity because of their considerable amounts of phenolic
compounds (Genovese, Pinto, Gonçalves, & Lajolo, 2008). Of the South
American biomes, the Brazilian Atlantic Forest stands out as one of the
most ecologically diverse rainforests in the continent. It originally
covered almost the entire Brazilian coast (92%) (Ribeiro, Metzger,
Martensen, Ponzoni, & Hirota, 2009), but currently it is much smaller
in size. The jaboticaba fruit, an attractive and distinctly-ﬂavored na-
tive fruit found in this rainforest, is growing in economic importance
in Brazil as it has attracted the interest of the food industry. It grows
in a large bushy tree and a single tree produces several thousand
fruits (Donadio, 2000).
Jaboticaba (Myrciaria spp.) is a berry with smooth skin varying from
bright green to dark violet, depending on the ripening stage. It contains55 11 38154410.
ghts reserved.between one and four small seeds and its sweet and slightly acidic pulp is
much appreciated by consumers (Donadio, 2000). Either fresh or
processed into jam, juice, liqueur, ice cream or candy, it is consumed be-
cause of its pleasant sensory characteristics, which make jaboticaba suit-
able as a commercial product. Moreover, jaboticaba presents high levels
of minerals (2.8–3.8% DW) and ﬁber (18–19%) (Lima, Corrêa, Alves,
Abreu, & Dantas-Barros, 2008). Two anthocyanins, cyanidin 3-glucoside
(433 mg/100 g DW) and delphinidin 3-glucoside (81 mg/100 g DW),
have been found in the skin of jaboticaba (Leite et al., 2011). Gallotannins,
such asHHDP-galloyl-glucose, casuariin, pedunculagin, di-HHDP-galloyl-
glucose (casuarinin), HHDP-digalloyl-glucose (tellimagrandin I), HHDP-
trigalloyl-glucose (tellimagrandin II), and di-HHDP-galloyl-glucose iso-
mer (casuarictin), were ﬁrst detected in jaboticaba (Wu, Dastmalchi,
Long, & Kennelly, 2012). Valoneic acid dilactone, an ellagic acid deriva-
tive, and two depsides, 2-O-(3,4-dihydroxybenzoyl)-2,4,6-trihydroxy-
phenyl-acetic acid and methyl 2-[(3,4-dihydroxybenzoyloxy)-4,6-
dihydroxyphenyl] acetate (jaboticabin) had also been detected earlier
inMyrciaria species (Reynertson et al., 2006).
Ellagitannins are present in a few berries and nuts, and the main
sources of ellagic acid are blackberries, raspberries, pomegranates and
walnuts (Clifford & Scalbert, 2000). Recently, Abe, Lajolo, and Genovese
(2012) have determined the total ellagic acid content of several fruits
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highest contents of ellagitannins; jaboticaba was the richest among
them. Ellagic acid derivatives have attracted much scientiﬁc interest
because of their powerful antioxidant activity and other beneﬁcial bio-
logical effects, such as antiproliferative, cardioprotective, and inhibition
of angiotensin I-converting enzyme (ACE) (Larrosa, García-Conesa,
Espín, & Tomás-Barberán, 2010; Pinto, Carvalho, Lajolo, Genovese,
& Shetty, 2010). As fruit ripened, the skin:pulp:seed ratios changed,
the levels of anthocyanins rose and the contents of tannins and
total ellagic acid fell (Abe et al., 2012).
In this way, this work aimed to compare the phenolic proﬁles and
in vitro antioxidant activity of the twomost important commercial spe-
cies of jaboticaba (Sabará and Pautista) considering different fractions of
the fruit (pulp, seed and skin) and different ripening stages.
2. Materials and methods
2.1. Material
Ten kilograms of each fresh jaboticaba species, Sabará (Myrciaria
jaboticaba) and Paulista (Myrciaria cauliﬂora), were purchased at São
Paulo City's largest foodmarket (CEAGESP—Companhia de Entrepostos
e Armazéns Gerais de São Paulo). Fruits of both species were grown at
the same season in Jaboticabal (state of São Paulo) at 21° 16′ S latitude
and 48° 19′ W longitude. Sabará berries were also sampled at different
ripening stages, while Paulista berries were fully ripe. The fruits were
cleaned and part of the samples were separated into skin, seeds and
pulp, freeze-dried, and stored at−20 °C until analyses.
Initially, ripe berries of both species were characterized and com-
pared in terms of composition of polyphenols. Afterwards, Sabará berries,
the most consumed and commercialized, were grouped in ﬁve ripening
stages according to size and skin color. Then, additional analyses were
carried out in order to characterize the different stages and the effect of
ripening on chemical composition.
2.2. Chemicals
The following chemicals were purchased from Sigma-Aldrich
Co. (St. Louis, MO, USA): 2,2-diphenyl-1-picrylhydrazyl (DPPH•),
(+)-catechin, the Folin–Ciocalteu reagent, ellagic acid and quercetin.
Polyamide SC6 columns were provided by Macherey-Nagel Gmbh and
Co. (Düren, Germany). Trolox (hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) was from Aldrich Chemical Company, Inc. (Milwaukee,
WI). Cyanidin and delphinidin and the correspoding 3-glucosides,
as well as procyanidin B2 were obtained from Extrasynthèse (Genay,
France). All chemicals and solvents used were of analytical grade.
2.3. Physicochemical analysis
The pH determination (AOAC 945.10) was carried out using a
digital potentiometer (model HM-26S, TOA Instruments) according
to a method recommended by AOAC (2005). Titratable acidity (TA)
(AOAC 942.15) was determined by titration with 0.2 N NaOH and
expressed in terms of percentage of citric acid (AOAC, 2005). The con-
tent of soluble solids (SS) was determined with a digital refractometer
with automatic temperature compensation (model ATAGO N1) and
was expressed in °Brix (AOAC 932.12).
2.4. Centesimal composition
Moisture, ash, protein, lipid and ﬁber contents were determined
according to AOAC (2005). Moisture (AOAC 934.06) was measured
before and after 96 h of vacuum freeze-drying (Dura-Top MP Bulk
Tray Dryer, FST Systems®). The ash content was determined after in-
cineration in a mufﬂe furnace at 600 °C (AOAC 940.26). The protein
(AOAC 920.152) and lipid contents (AOAC 963.15) were assessedby the Kjeldahl and Soxhlet methods, respectively. Determination
of total, soluble and insoluble dietary ﬁber was carried out according
to the AOAC enzymatic–gravimetric method (AOAC 991.43). The per-
centage of total carbohydrate content was calculated by subtracting
the above percentages from 100%.
2.5. Mineral composition
The quantiﬁcation of sodium and potassium (AOAC 990.23)was car-
ried out by ﬂame-emission spectrophotometry, and the quantiﬁcation
of nitrogen, phosphorus, calcium, magnesium, sulfur, boron, zinc, iron,
manganese, copper and seleniumwas performed by atomic absorption
spectrophotometry (AOAC, 2005), Freeze-dried samples (1.5 g) were
placed into 100 mL Kjeldahl ﬂask and 30 mL HNO3. HClO4 (2 + 1)
were added along with 3–4 glass boiling beads. Test portions were let
sit overnight in acid. Each Kjeldahl ﬂask was placed on heating mantle
set at low temperature to start digestion. Samples were gentle heated
until HNO3 and H2Owere driven off. Flasks were placed on cool heating
mantle and let digestion proceed with occasional heating from mantle.
After reaction of test portion with HClO4 was complete, high heat was
applied for ca 2 min. Flasks were removed from heating mantle and
let cool. Each digest was transferred to 50 mL volumetric ﬂask and di-
luted to volume with water (AOAC 985.35).
2.6. Sugar content
Glucose, fructose and sucrose were separated on a Waters Sugar-
Pak-I column (Waters Corporation, Milford, USA) at 90 °C using an
HPLC system Waters 600E (Millipore Corporation, Milford, Mass.,
U.S.A.) equipped with a refractive index detector (model 2142, LKB,
Bromma). The isocratic mobile phase was prepared by dissolving
50 mg of EDTA (ethylenediaminetetraacetic acid) in 1 L of water,
using a ﬂow rate of 0.5 mL/min. The samples were extracted with
80% ethanol and water. An aliquot was heated to 70 °C in a water
bath and then centrifuged. The supernatant was collected and the
solvent was evaporated under nitrogen ﬂow at 40 °C. The solid residue
was resuspended in water, ﬁltered and analyzed. Identiﬁcation was
based on the retention time, and quantitation on external calibration.
2.7. Sample preparation for antioxidant capacity assays
Freeze-dried powders (1 g) were extracted three times with a
methanol/water solution (70:30, v/v), 100 mL and then with 50 mL,
using a Brinkmann homogenizer (Polytron-Kinematica GmbH, Kriens-
Luzern, Sweden). Samples containing anthocyanins were extracted with
a methanol/water/acetic acid solution (70:30:0.5, v/v/v). The homoge-
natewas ﬁltered under reduced pressure through ﬁlter paper (Whatman
No. 1) and it was stored at−20 °C until analysis (Genovese et al., 2008).
All extractions and subsequent assays were performed in triplicate.
2.7.1. Folin–Ciocalteu reducing capacity
The antioxidant capacity was assessed using the Folin–Ciocalteu
reagent, according to Singleton, Orthofer, and Lamuela-Raventos (1999),
with some modiﬁcations. A 0.25 mL aliquot of extract was mixed
with 0.25 mL of the Folin–Ciocalteu reagent and 2 mL of water.
After 3 min at room temperature, 0.25 mL of a saturated sodium
carbonate (Na2CO3) solution was added, and the mixture placed at
37 °C in a water bath for 30 min. Results were expressed as mg cat-
echin equivalents (CE) per 100 g sample (dry weight basis — DW).
2.7.2. DPPH radical-scavenging ability
The antioxidant capacitywasdeterminedby theDPPH• (2,2-diphenyl-
1-picrylhydrazyl) radical-scavenging method according to Brand-
Williams, Cuvelier, and Berset (1995), with some modiﬁcations.
A 50 μL aliquot of the extract and 250 μL of DPPH (0.5 mM)
were mixed, and after 20 min, the absorbance was measured at
Table 1
Chemical and mineral compositions of two species of jaboticaba, Paulista (Myrciaria
cauliﬂora) and Sabará (Myrciaria jaboticaba), in the ripe stage.
Paulista Sabará
Composition (mg/100 g DW)
Protein 1.02 ± 0.01a 0.94 ± 0.02a
Lipid 0.55 ± 0.01a 0.40 ± 0.01b
Ashes 2.30 ± 0.08b 2.90 ± 0.10a
Fibers 17.9 ± 1.0a 19.3 ± 0.9a
Soluble 1.80 ± 0.15a 2.30 ± 0.20a
Insoluble 16.1 ± 0.7a 17.0 ± 0.8a
Carbohydrates* 78.2a 76.5a
Mineral (mg/100 g DW)
Nitrogen (N) 800 660
Phosphorus (P) 110 100
Potassium (K) 1320 1000
Calcium (Ca) 20 20
Magnesium (Mg) 120 100
Sulfur (S) 80 70
Boron (B) 0.7 0.8
Zinc (Zn) 2 2.9
Iron (Fe) 2.9 2.7
Manganese (Mn) 1.8 2.7
Copper (Cu) 1 1
Sodium (Na) 0.76 1.03
Selenium (Se) bLQ bLQ
*Calculated by difference; means in the same line with common letters are not
signiﬁcantly different (p b 0.05). LQ: limit of quantiﬁcation for Se = 0.002 mg/kg.
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per 100 g sample DW.
2.7.3. FRAP assay
The ferric reducing antioxidant power (FRAP) was determined
according to Benzie and Strain (1996). Results were expressed as
mmol TE per 100 g sample DW.
2.8. α-Amylase and α-glucosidase inhibitory activity
Freeze-dried powders were extracted three times in a solvent mix-
ture comprisingmethanol/water (70:30, v/v) or methanol/water/acetic
acid (70:30:0.5, v/v/v) (for samples containing anthocyanins), using a
Brinkmann homogenizer (Polytron-Kinematica GmbH, Kriens-Luzern,
Sweden). The homogenatewas ﬁltered under reduced pressure through
ﬁlter paper (Whatman No. 1) and it was concentrated to remove meth-
anol on a rotary evaporator (Rotavapor RE 120; Büchi, Flavil, Sweden).
Samples were subjected to semi-puriﬁcation using octadecyl SPE
cartridges, according to Arabbi, Genovese, and Lajolo (2004). The
α-amylase and α-glucosidase inhibitory assays were carried out as
described in Gonçalves, Lajolo, and Genovese (2010).
2.9. Proanthocyanidins (PAC)
2.9.1. Quantiﬁcation of proanthocyanidins by the vanillin assay
The content of proanthocyanidins wasmeasured by the vanillin/HCl
assay (Burns, 1971). The extracts were prepared bymixing freeze-dried
samples (0.5 g) and 20 mL of acidiﬁed methanol (methanol:acetic acid
99:1 v/v), under magnetic agitation for 2 h at 4 °C. Absorbance was
measured at 500 nm. Results were expressed as mg catechin equiva-
lents (CE) per 100 g sample DW.
2.9.2. Quantiﬁcation of proanthocyanidins by the butanol-HCl method
The content of proanthocyanidins was determined according to
Porter, Hrstich, and Chan (1986). An aliquot of 2.5 mL of the Porter
reagent was added to 250 μL of suitably diluted extract in a test
tube. Similarly, a standard curve was prepared using quebracho tannin
ranging from 0 to 2.4 mg/mL (QT Unitan, Buenos Aires, Argentina).
The tubes were capped and kept in a water bath at 95 °C for 15 min;
after mild agitation, the absorbance was measured at 540 nm. Results
were expressed as mg quebracho tannin equivalents (QTE)/100 g of
sample DW.
2.9.3. Quantiﬁcation of proanthocyanidins by the
4-dimethylaminocinnamaldehyde (DMAC) assay
Total proanthocyanidins in jaboticaba samples were quantiﬁed
using the 4-dimethylaminocinnamaldehyde (DMAC)method according
to Prior et al. (2010). The extracts were prepared using an acetone/
water/acetic acid (AWA) solution (70:29.5:0.5 v/v/v). An aliquot
(70 μL) of control, standard, or extracts (properly diluted) was mixed
with 210 μL of DMAC solution, and added into a 96-well
microplate. The reaction mixture was incubated at 25 °C for
25 min, the absorbance was read at 640 nm every minute. Total
concentrations were determined using a calibration curve of
the procyanidin B2 dimer (commercially available standard) at
concentrations between 5 and 50 μg/mL.
2.10. HPLC–DAD analysis of anthocyanins
2.10.1. Sample preparation
The freeze-dried powders were extracted with a methanol/
water/acetic acid (70:30:0.5, v/v) solution as described previously
(Section 2.7). The extracts were then ﬁltered using a 0.22 μm
polytetraﬂuoroethylene (PTFE) ﬁlter unit (Millipore Corporation,
Bedford, MA) and analyzed by HPLC. The extractions were run
in triplicate.2.10.2. Identiﬁcation and quantiﬁcation of anthocyanins
Anthocyaninswere analyzed according toWu and Prior (2005) in an
Agilent 1100HPLC system equippedwith a diode array detector and the
HP ChemStation software (Agilent Technologies, Inc., Palo Alto, USA).
The column used was a Develosil C18 column (25 cm × 4.6 mm, 5 μm
Phenomenex, Torrance, CA, USA). Anthocyanins in the extracts were
identiﬁed and quantiﬁed by comparing their peak areas and the reten-
tion times to those of standard anthocyanins (Extrasynthèse, Lyon,
France). Results were expressed as mg per 100 g sample DW.
2.11. HPLC–DAD analysis of ﬂavonoids and ellagic acid
2.11.1. Extraction procedure for ﬂavonoids and free ellagic acid analysis
Extraction was performed according to Arabbi et al. (2004) with
some modiﬁcations. Brieﬂy, freeze-dried samples were extracted three
times in a methanol/water solution (70:30, v/v) or methanol/water/
acetic acid (70:30:0.5, v/v/v) (for samples containing anthocyanins),
using a Brinkmann homogenizer (Polytron-Kinematica GmbH, Kriens-
Luzern, Sweden), in an ice bath. The homogenate was ﬁltered under
reduced pressure through ﬁlter paper (Whatman No. 1) and it was
concentrated on a rotary evaporator (Rotavapor RE 120; Büchi,
Flavil, Sweden) to methanol removal. Samples were subjected to
semi-puriﬁcation using octadecyl SPE cartridges. ‘Free ellagic acid’
content was considered as the sum of eluted free ellagic acid and
ellagic acid glycosides.
2.11.2. Total ellagic acid content
Total ellagic acid content was determined after extraction and acid
hydrolysis according to Pinto, Lajolo, and Genovese (2008). An aliquot
(2 mL) of the crude extracts in 80% acetone was dried under nitrogen.
Hydrolysis was initiated by the addition of triﬂuoroacetic acid (2 N)
and was carried out at 120 °C for 90 min. The hydrolyzed samples
were evaporated under nitrogen, resuspended in methanol and ﬁltered
for HPLC analysis.
2.11.3. Identiﬁcation and quantiﬁcation of ﬂavonoids and free ellagic acid
Flavonoids and phenolic acids were analyzed by reversed-phase
HPLC in an HP 1100 system equipped with an autosampler and a qua-
ternary pump coupled with a diode array detector controlled with the
Fig. 1. Comparison between Sabará and Paulista jaboticabas about: (A) Folin–Ciocalteu reducing ability, (B) DPPH scavenging ability, (C) ferric reducing capacity (FRAP), proanthocyanidin
content assessed by (D) butanol-HCl assay, (E) vanillin assay, (F) DMAC assay, (G) anthocyanidin content, (H) quercetin derivatives content, (I) free ellagic acid content, (J) total ellagic
acid content. Different letters (a, b) represent signiﬁcant differences (p b 0.05) between the two species Paulista and Sabará.
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phase C18 column (250 × 4.6 mm, 5 μm; Phenomenex, Torrance,
CA, USA). Elution was carried out using (A) water/tetrahydrofuran/
triﬂuoroacetic acid (98:2:0.1, v/v/v) and (B) acetonitrile under con-
ditions described in Pinto et al. (2008). Samples were injected in
duplicate. The content of quercetin derivatives was expressed as
mg aglycone per 100 g sample DW and the content of ellagic acid
derivatives was expressed as mg of the corresponding standard per
100 g sample DW.
2.12. Proﬁle of ellagitannins and proanthocyanidins
2.12.1. Sample preparation for HPLC and UPLC analysis
Freeze-dried powders were soaked overnight (37 °C) in acetone:
water:acetic acid (70:30:0.5, v/v/v) for extraction. After that, the extrac-
tion was centrifuged for 5 min at 3500 ×g. The solid residue was then
resuspended in the same solvent and the suspension was vortex-mixed
for 2 min andultrasonically agitated (37 °C) for 10 min. After centrifuga-
tion, the supernatant was collected, ﬁltered throughWhatman No. 1 ﬁl-
ter paper and concentrated on a rotary evaporator (Rotavapor RE 120;
Büchi, Flavil, Sweden) for acetone removal. Samples were semi-puriﬁed
on a 3-g Sephadex LH-20 SPE column, previously conditioned with 50%
aqueous acetone, methanol and water. After the samples were loaded,
they were washed with 30% aqueous methanol and eluted with AWA
(70:30:0.5, v/v/v). They were then evaporated to dryness and made
up to 2 mL with AWA (70:30:0.5, v/v/v). Each sample was extracted
in triplicate.
2.12.2. Instrumentation and chromatographic conditions for ellagitannin
and proanthocyanidin identiﬁcation
Ellagitannins were identiﬁed according to Gasperotti, Masuero,
Vrhovsek, Guella, and Mattivi (2010). Separation was carried out in an
Acquity UPLC system equipped with a UV–Vis Waters PDA detector
(Waters Corporation, Milford, MA) and an electrospray ionization
using a triple quadrupole mass spectrometer (ESI-MS) controlled
with the MassLynx Software 4.1 (Waters Corporation, Milford, MA).
The column was an Acquity™ UPLC BEH C18 end-capped reversed-
phase column (150 mm × 2.1 mm, 1.7 μm; Waters Corporation,
Milford, MA). The eluting solvents were: (A) formic acid in water
(1%) and (B) acetonitrile. UPLC–MS analysis was performed in nega-
tive mode under the following conditions: capillary voltage, 3 kV;
source temperature, 100 °C; desolvation temperature, 350 °C and
desolvation gas ﬂow (N2), 650 L/h. The m/z range was 50–2000 Da.
Ellagic acid and ellagitannins were identiﬁed using a UV detector
set at 260 nm. Identiﬁcation was performed by matching theirTable 2
Moisture (%), diameter (cm), total soluble solids (°Brix), total titratable acidity (g citric acid/1
jaboticaba in different ripening stages.
Ripening stages Stage 1 (unripe) Stage 2
Physicochemical parameters
Skin color Green Light red
Moisture 84 ± 1 81 ± 2
Diameter 1.6 ± 0.2 1.8 ± 0.2
TSS 5.6 7.7
TTA 4.73 3.52
pH 2.67 2.84
Sugar content of ripening stages
Sucrose 0.92 ± 0.04 na
Glucose 1.76 ± 0.05 na
Fructose 7.33 ± 0.04 na
Sugar content of fruit fractions
Sucrose na na
Glucose na na
Fructose na na
na: not analyzed.molecular ions (m/z) with literature data correlating known masses
by the identiﬁed masses. Results were expressed as mg ellagic acid
equivalents (EAE) per 100 g sample DW.
Proanthocyanidin characterization was performed according to
Robbins et al. (2009). Samples were analyzed using an Agilent
1260 Inﬁnity HPLC system equipped with a ﬂuorescence detector.
The eluting solvents were (A) acetonitrile/acetic acid (98:2, v/v)
and (B) methanol/water/acetic acid (95:3:2, v/v/v). The starting
mobile phase condition was 7% B was held, isocratically, for 3 min.
Subsequently, solvent B was increased to 37.6% over 57 min and
then to 100% B over the next 3 min. The conditions were held at
100% B for 7 min prior to returning to 7% B (starting condition)
over 6 min, with a post run time of 10 min. Fluorescence intensity
was measured at 230/321 nm (excitation/emission wavelengths).
Normal phase separations were performed using a 100 Å Develosil
Diol column (250 × 4.6 mm, 5 μm), purchased from Phenomenex
(Torrance, CA, USA). Results were expressed as mg epicatechin
equivalents per 100 g sample DW.
2.13. Statistical analysis
All analyses were run in triplicate and results were expressed as
mean ± standard deviation (SD). Initially, the results were checked
for homogeneity of variances by using the Levene test, and one-way
ANOVA and the least signiﬁcant difference Fisher test was used to
compare the means within group. P-values below 0.05 were regarded
as signiﬁcant. All statistical analyses were performed by using the
Statistica software package version 11.0 (StatSoft, Inc., Tulsa, OK).
3. Results and discussion
3.1. Comparison between the Sabará and Paulista jaboticabas at the fully
ripe stage
Of the many Brazilian native fruits widely studied in the recent
years, the most popular is by far jaboticaba, as its production and
commercialization have been on the rise, boosted by its increasing
acceptance by the Brazilian population (Abe et al., 2012). Nowadays,
Paulista and Sabará are the only two species grown for commercial
use; the others are grown domestically (Lima et al., 2008).
This study aimed to compare the two species, grown on a fruit
farm under the same conditions (soil, climate and temperature).
Fruits ripening occurred on the tree and they were harvested at the
same time, in terms of chemical and mineral compositions (Table 1).00 g FW), pH, and sugar content (sucrose, glucose and fructose) (g/100 g DW) of Sabará
Stage 3 Stage 4 Stage 5 (fully ripe)
Red Dark red Dark purple
86 ± 1 83 ± 1 82 ± 2
1.9 ± 0.2 2.0 ± 0.2 2.4 ± 0.1
8.9 10.7 12.4
2.10 1.74 1.39
3.03 3.28 4.08
6.6 ± 0.2 na 16.6 ± 1.0
9.5 ± 0.5 na 17.0 ± 0.8
16 ± 1 na 21.4 ± 0.6
Pulp Seed Skin
na na 11.3 14.5 19.1
na na 18.6 15.9 22.9
na na 4.9 1.5 1.4
Fig. 2. Antioxidant capacity of jaboticaba assessed by (A) Folin–Ciocalteu reducing
capacity (mg catechin equivalent/100 g sample DW), (B) DPPH-radical scavenging
ability (μmol Trolox equivalent/100 g sample DW) and (C) ferric reducing antioxi-
dant power (FRAP) (mmol Trolox equivalent/100 g sample DW) of Sabará jaboticaba
in different ripening stages.
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The levels of protein (around 1.0%), ﬁber (17.9–19.3%) and carbohy-
drates (76.5–78.2%) were similar, with less than 8% variation. Lipid con-
tent, however, was 27%higher for the Paulista species (0.55%) and ashes
were 26% higher for the Sabará species (2.9%) (Table 1).
Protein and lipid contents are consistent with previous reports,
but 30% and 12% higher contents of ﬁber and carbohydrates have been
reported, respectively (Lima, Corrêa, Dantas-Barros, Nelson, & Amorim,
2011; Lima et al., 2008).
Table 1 shows the levels of nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur, boron, zinc, iron, manganese, copper,
sodium and selenium in each species. Nitrogen and potassiumcontents were higher in the Paulista species, but Sabará showed
the highest concentrations of zinc, manganese and sodium. Of all
minerals, zinc, iron and manganese were the most abundant. The
contents of phosphorus, iron, copper and calcium were very similar,
with less than 10% variation. Manganese and sodium levels, on the
other hand, differed most greatly between species. Environmental
conditions, such as seasonality, soil type, rainfall, ultraviolet radia-
tion and temperature can inﬂuence the mineral composition of fruits
and vegetables as they grow (Seigler, 1998). Since both species were
grown under the same conditions and harvested at the same time,
the differences observed between Paulista and Sabará are likely to
be related to genetic variations.
Potassium has been reported to be the most abundant mineral in
Paulista and Sabará jaboticaba berries (Lima et al., 2011). Fruits are
usually rich sources of potassium, which is chieﬂy found in the
skin. Its low afﬁnity for chelators makes it highly mobile in plants,
which explains its high concentration in tissues. As magnesium
accumulates in skin, as well as anthocyanins, it has been suggested
that the mineral may play an important role in the color change pro-
cess of these polyphenols (Goodwin & Mercer, 1983). Phosphorus
occurs at high levels in seeds in the form of phytin, a compound func-
tioning as a phosphorus reservoir during germination (Mengel &
Kirkby, 1987).
The results presented here show that a 100 g-serving of jaboticaba,
approximately 15 units, would provide between 10 and 15% of the
recommended daily intake (RDI) of copper, manganese and potassium.
Thus, under FDA's (Food and Drug Administration's) guidelines,
jaboticaba could be considered a “good source” of these minerals.
3.1.2. Polyphenol proﬁle and antioxidant capacity
The in vitro antioxidant capacity and the phenolic content and com-
position in Paulista and Sabará whole jaboticaba berries (at the ripe
stage) as well as in their separate parts (skin, pulp and seeds) were
also determined (Fig. 1). Antioxidant capacity was 20% higher in Sabará.
Seeds displayed the highest antioxidant capacity, followed by skin and
pulp, regardless of themethod used (Folin–Ciocalteu reducing capacity,
DPPH scavenging ability or Ferric reducing antioxidant power). These
results are important since only part of Brazilians consumes jabuticaba
seeds, as in the case of grapes.
Ripe pulp showed the lowest total phenolic content and conse-
quently the lowest antioxidant capacity, which can be explained by
the fact that as fruit ripens, certain compounds undergo several
chemical and enzymatic modiﬁcations, such as hydrolysis of glyco-
sides by glycosidases, oxidation of phenols by phenoloxidases and
polymerization of free phenols. Also, soluble phenolic compounds
occur at higher concentrations in the outer parts of plants , such as
the skin, than in the inner parts, like pulp (Robards, Prenzler, Tucker,
Swatsitang, & Glover, 1999).
Condensed tannin contents were evaluated by three different
methods: the vanillin method (Burns, 1971), the acidiﬁed butanol
assay (Porter et al., 1986) and the DMAC assay (Prior et al., 2010).
The ﬁrst two colorimetric methodsmay not yield accurate results be-
cause anthocyanins, very likely to be present in samples, absorb light
at the same wavelength as proanthocyanidins. For this reason, the
recently developed DMAC method looks more appropriate since
proanthocyanidins are quantiﬁed at a different wavelength (640 nm).
The mechanism of action of the DMAC reagent has not yet been
completely understood, although it seems to react with compounds
with free hydroxyl groups at meta position and a 2, 3 single bond in
the C ring (Prior et al., 2010).
Like antioxidant capacity, proanthocyanidin (PAC) content was
higher in Sabará, irrespective of the method used for quantiﬁcation,
and it was the lowest in pulp (Fig. 1). Compared to strawberry, blue-
berry and cranberry, rich sources of PACs, it is 10 times as low. The
skin and seeds of grapes are even richer — 20 times as rich (Wang,
Chung, Song, & Chun, 2011). This notwithstanding, jaboticaba is
Table 3
In vitro inhibitory activity of α-amylase and α-glucosidase of phenolic fractions obtained from whole jaboticaba in different ripening stages, and fruit parts (skin, pulp and seeds).
Samples α-Amylase α-Glucosidase
IC50 (mg sample DW/μL reaction) IC50 (μg CEa/μL reaction) IC50 (mg sample DW/μL reaction) IC50 (μg CEa/μL reaction)
Ripening stages
Stage 1 2.9 1.2 1.7 1.3
Stage 2 1.9 1.8 1.6 1.0
Stage 3 1.0 0.4 1.6 0.9
Stage 4 1.3 0.6 1.8 1.6
Stage 5 0.6 0.5 0.7 0.5
Fruit portions of stage 5
Skin 1.7 1.3 0.7 0.8
Pulp 1.6 0.8 1.0 0.3
Seeds 1.1 0.5 0.6 0.2
a CE— catechin equivalent.
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Brazil, where access to blueberries and cranberries is limited.
Flavonoids were present in greater quantities in Paulista — the
contents of anthocyanins and quercetin derivatives were 25 and
42% as high as those in Sabará, respectively. These two classes of
compounds accumulated in the skin. A small amount of quercetin
derivatives was detected in the pulp. No ﬂavonoids were found in
the seeds (Fig. 1).
The content of anthocyanins in ripe jaboticaba is higher than that
in other fruits of Myrtaceae family, such as camu-camu and pitanga
(Abe et al., 2012). Cyanidin 3-glucoside and delphinidin 3-glucoside
have been found in the skin of ripe jaboticaba, and the former has also
been detected in small amounts in the pulp (Leite et al., 2011; Lima
et al., 2011).
Ellagic acid derivatives were found in signiﬁcant quantities in
both species (Fig. 1). The content of free ellagic acid in the skin,
pulp and seeds in both species was signiﬁcantly low, ranging
from 2.2 mg/100 g DW (Paulista pulp) to 34 mg/100 g DW (Sabará
seeds). The total ellagic acid content in Sabará was much higher
(56%) than in Paulista. Of the three fruit parts, pulp was poorest
(420–861 mg/100 g DW) and seeds were the richest (3016–
4180 mg/100 g DW) (Fig. 1).
In a recent study of 35 Brazilian native fruits, jaboticaba, grumixama
(Eugenia brasiliensis) and cambuci (Campomanesia phaea), members of
Myrtaceae family, were found to have the highest contents of free and
total ellagic acid, comparable to fruits such as raspberry and blackberry,
known as good sources of these compounds (Abe et al., 2012).3.2. Changes in the chemical composition during ripening
3.2.1. Physicochemical characteristics
Samples of Sabará jaboticaba berries were manually grouped into
ﬁve different ripening stages, according to size and skin color. Physico-
chemical analyses and sugar content and composition are shown in
Table 2. No statistically signiﬁcant difference inmoisture content across
ripening stages was observed and the mean value was approximatelyTable 4
Flavonoids, free and total ellagic acid content (mg/100 g sample DW) of whole Sabará jabotica
Compounds Ripening stages
Stage 1 Stage 2
Free ellagic acid 19 ± 2c 31 ± 3b
Total ellagic acid 9566 ± 812a 8327 ± 129b
Anthocyanins 4.9 ± 0.3e 44 ± 1d
Delphinidin na na
Cyanidin na na
Quercetin derivatives nd 2.0 ± 0.1a
nd: not detected; na: not analyzed.83%. As expected, the riper the fruit, the greater the diameter. Fully
ripe berries presented an average diameter of 2.4 cm.
Total soluble solids correlate closely with soluble sugars and organic
acid contents, and represent one of themost important variables affect-
ing fruit quality. An increase in the concentration of soluble solids took
place as jaboticaba berries ripened, as expected. An increase in pH was
accompanied by a decrease in titratable acidity because as fruit ripening
progressed, the content of organic acids dropped (Table 2).
3.2.2. Sugar content
Sugar was detected in signiﬁcant amounts and, as expected, the
sugar content was the highest in fully ripe berries — fructose, glucose
and sucrose levels were 3, 10 and 18 times as high as those in unripe
berries. Of the three fruit parts, pulp was the richest in sugar. The signif-
icant sugar amounts also observed in the skin could be attributed to
remaining pulp ﬁbers adhered to the skin (Lima et al., 2011). Seeds
had the lowest amounts of sugar — 4 to 16 times lower than those in
the pulp (Table 2).
3.2.3. Antioxidant capacity
Antioxidant capacity varied across ripening stages, and also across
the three methods used (Fig. 2). Complete ripening resulted in a 67%
fall in the Folin–Ciocalteu reducing capacity of unripe berries. Similarly,
there were 60 and 77% reductions in DPPH scavenging ability and ferric
reducing antioxidant power, respectively. A signiﬁcantly positive corre-
lationwas found among the threemethods used to evaluate antioxidant
activity (0.90 ≤ r ≤ 0.95).
3.2.4. Antidiabetes potential
Many plant species and compounds isolated from plants have been
experimentally studied andused for reducing the postprandial glycemia
(Grover, Yavad, & Vats, 2002). The inhibitory effects of jaboticaba phe-
nolic fractions against two key enzymes of carbohydrate metabolism
were investigated in vitro to evaluate the antidiabetic potential of the
fruit (Table 3). Both α-amylase and α-glucosidase were most suc-
cessfully inhibited by fractions from fully ripe jaboticaba, probably
because anthocyanins were at their highest concentration at thisba fruits (Sabará) in different ripening stages.
Stage 3 Stage 4 Stage 5
31 ± 3b 39 ± 2a 40 ± 1a
6363 ± 629c 6810 ± 606c 5050 ± 99d
65 ± 1c 74 ± 3b 147 ± 10a
7.1 ± 0.2b na 23.5 ± 0.8a
58 ± 2b na 123 ± 2a
2.1 ± 0.1a 2.00 ± 0.05a 2.1 ± 0.2a
Fig. 3. Total content andproﬁle (mg/100 g sample DW) of proanthocyanidins identiﬁed in
jaboticaba in different ripening stages and the fractions pulp, seed and skin of the ripe fruit.
475M.R. Alezandro et al. / Food Research International 54 (2013) 468–477stage. However, unripe jaboticaba also exhibited signiﬁcant inhibi-
tory effects compared to other fruits, such as tucumã and star fruit
(Gonçalves et al., 2010). Phenolic compounds from jaboticaba seeds
were themost potent inhibitors againstα-glucosidase,which is in agree-
ment with observations made for cambuci and cupuaçu (Gonçalves
et al., 2010).
In a comparative study, myricetin, epigallocatechin gallate and
cyanidin were found to be more effective in inhibiting α-glucosidase
than other 13 compounds in six different groups ofﬂavonoids (ﬂavones,
ﬂavonols, ﬂavanones, isoﬂavones, ﬂavan-3-ols and anthocyanidins)
(Tadera,Minami, Takamatsu, andMatsuoka (2006). Therefore, anthocy-
anins present in the skin of jaboticaba seem to have an important role in
the inhibitory activity of the whole fruit.
These results are biologically relevant, since both enzymes,
α-glucosidase and α-amylase, are directly involved in dietary carbo-
hydrate digestion in humans. The inhibition of these key enzymes
may effectively retard carbohydrate digestion and consequently, glu-
cose absorption, suppressing post-prandial hyperglycemia.
3.2.5. Polyphenol proﬁle
Quercetin and anthocyanidin derivatives were the main ﬂavonoids
present in jaboticaba, but they were detected only in skin and pulp,
but not in seeds (Table 4). As jaboticaba berries ripened, anthocyanins
accumulated in higher amounts in the skin than in the whole fruit
(from5 (unripe) to 147 (ripe)mg/100 g sample DW) (Fig. 1). Quercetin
derivatives were not detected in unripe berries. At the second stage
(light red), however, a small amount was detected (2 mg/100 g of
sample DW), but it did not change during maturation.
Anthocyanidin derivatives in grapes were also reported to rise
during ripening, while other classes of polyphenols exhibited a patternTable 5
Ellagitannins proﬁle of jaboticaba during ripening and fractions pulp, seed and skin of the ripe
Compound Pulp Seed Skin Stage 1
Ellagic acid 9.4b nd 21.2a 26.0a
Sanguiin H-10 isomer (1) 1.6c 12.6b 19.5a 61.8a
Sanguiin H-10 isomer (2) 4.8b 35.6a 35.0a 96.0a
Sanguiin H-10 isomer (3) 5.4c 38.6a 32.3b 75.8a
Lambertianin C without ellagic acid moiety 1.8c 2.8b 10.4a 24.7a
Sanguiin H-6 (1) 1.8b 175.0a nd 84.8a
Sanguiin H-6 (2) 6.6b 145.0a 3.6c nd
Sanguiin H-6 (3) Nd 5.2a 3.4b 18.9a
Sanguiin H-6 (4) 2.8b 3.0b 8.9a 13.7a
Sanguiin H-6 (5) nd 4.6a 1.9b 9.1a
Sanguiin H-6 (6) 2.6c 4.6b 8.8a 19.3a
Sanguiin H-6 (7) nd 4.6a 2.2b 8.0a
Sanguiin H-6 (8) nd nd nd 7.7a
Unknown ellagitannin 2.2c 7.5b 96.4a nd
nd: not detected.of accumulation and subsequent decline, which suggest they may have
degraded or may have been used as substrates for the biosynthesis of
other compounds. Anthocyanin and other ﬂavonoid compounds may
form stable associations to produce polymeric pigments (Adams, 2006).
For Sabará jaboticaba, total ellagic acid levels in unripe berries,
9566 mg/100 g DW, decreased by 50% to 5050 mg/100 g DW after
complete ripening (Table 4). Since the unripe stage showed the highest
levels of ellagic acid derivatives and the antioxidant capacity decreased
with the reduction of their contents, it can be suggested that those com-
pounds are the main responsible for the antioxidant capacity of jaboti-
caba berries.
Similar behavior has been observed in a study of the phenolic com-
position of ﬁve cultivars of strawberries at three different ripening stages
(Kosar, Kafkas, Paydas, & Baser, 2004). Amounts of total ellagic acid in
unripe strawberries dropped from between 8.8 and 17.8 mg/100 g
fresh weight (FW) to 4 to 9.4 mg/100 g FW (intermediate stage). Com-
plete ripening led to an additional drop (1.6 to 4.5 mg/100 g FW at the
fully ripe stage). Ellagic acid derivatives were the main compounds
found in unripe strawberries, while pelagordin-3-glucoside, an anthocy-
anin derivative, was the main compound present in ripe fruits. Williner,
Pirovani, and Güemes (2003) have also reported similar reduction in
total ellagic acid content in different strawberry cultivars at different
maturation stages.
Proanthocyanidins contribute signiﬁcantly to the intake of total
polyphenols in the Western diet, because of their wide distribution
among different plant species (Santos-Buelga & Scalbert, 2000). How-
ever, data on the qualitative and quantitative proﬁles of these com-
pounds in foods are scarce in the scientiﬁc literature, mainly because
of the inaccuracy of most of the characterization methods.
Generally, tannins are found in fruits in the non-polymerized form
and have accentuated tannic properties. During ripening, polymeriza-
tion of tannins and reduction of astringency take place (Clifford, 1997),
which improve the sensory attributes of fruits.
Proanthocyanidin content in unripe jaboticaba berries was approxi-
mately 40% higher than that in the ripe ones. Seeds were richest in
proanthocyanidins — a content 55% higher than that in pulp and skin.
The degree of polymerization in jaboticaba berries changed over the
course of maturation, and across ripe fruit parts. Proanthocyanidins in
the polymer form were about 90% and 35% of their total contents in
pulp and seeds, respectively, but they were not detected in the skin
(Fig. 3).
Table 5 shows the proﬁle of ellagic acid derivatives identiﬁed in
whole jaboticaba fruit at different ripening stages, as well as in its sepa-
rate parts (pulp, skin and seeds) at the ripe stage. Sanguiin H-6 was
abundantly found in jaboticaba, mainly in unripe berries (161.5 mg
EAE/100 g DW) and in seeds (342 mg EAE/100 g DW) of ripe berries.
Sanguiin H-6 and lambertianin C are ellagitannins present in high
amounts in strawberry and raspberry (Mullen et al., 2002). Sanguiinfruit (mg ellagic acid/100 g sample DW).
Stage 3 Stage 5 Retention time (min) Characteristic ions (m/z)
15.4b 21.9a 7.7 603; 449; 301
24.0b 9.3c 3.7 783; 649
77.0b 17.2c 3.9 783; 649
42.0b 17.9c 5.0 783; 649
21.0a 6.9b 8.0 1250
37.0b 25.7c 3.4 934; 858; 1235; 469
36.0a 24.5b 4.4 934; 858; 1235; 469
12.0b 2.2c 5.7 934; 858; 1235; 469
15.5a 4.8b 6.8 934; 858; 1235; 469
4.7b 1.0c 7.0 934; 858; 1235; 469
15.8b 4.8c 7.2 934; 858; 1235; 469
5.6b 1.0c 8.0 934; 858; 1235; 469
5.5b 1.2c 8.6 934; 858; 1235; 469
nd nd 8.8 505; 1011
476 M.R. Alezandro et al. / Food Research International 54 (2013) 468–477H-10, also identiﬁed in the samples, has a structure similar to sanguiin
H-6, but with one less ellagic acidmolecule. Sanguiin H-10 and sanguiin
H-3 have been found in Sanguisorba ofﬁcinalis, which belongs to the
Rosaceae family (Tanaka, Nonaka, & Nishioka, 1985).
The ellagitannin composition reported in this work is not consis-
tent with the proﬁle described previously (Reynertson et al., 2006;
Wu et al., 2012). Whereas 14 compounds were identiﬁed as ellagic
acid derivatives in this study, only three had been detected previously,
along with other eight compounds identiﬁed as gallic acid derivatives.
However, the jaboticaba berries used in the previous studies had been
provided by the Botanical Gardens in the United States and may
not have been representative of the species analyzed. Our fruits, on
the other hand, were obtained from the main producer of jaboticaba
in Brazil.
Quantiﬁcation and structural characterization of ellagitannin and
ellagic acid derivatives in foods, such as Brazilian native fruits, are
starting points for the study of their potential health beneﬁts, including
antioxidant, antiviral and anticancer activities (Gasperotti et al., 2010).
4. Conclusions
This work reported, for the ﬁrst time, a complete and detailed char-
acterization of two commercially important species of the jaboticaba
fruit (Paulista and Sabará). Its separate parts at the ripe stage as well
as the whole fruit at different ripening stages were investigated. Both
species displayed comparable centesimal and mineral compositions
and proved to be rich sources of K, Mn and Cu. Quercetin derivatives
and anthocyanins were higher in the Paulista species. However, ellagic
acid derivatives, the major polyphenols in jaboticaba, were detected in
higher amounts in Sabará. Skin was richest in ﬂavonoids, but seeds
presented the highest amounts of ellagic acid derivatives. Unripe berries
showed the greatest antioxidant capacity and phenolic content, and rip-
ening led to a decrease in all these compounds. Fully ripe berries were
shown to be very rich sources of polyphenols, especially anthocyanins,
and an important source of ellagitannins, comparable to other berries.
Phenolic compounds from jaboticaba strongly inhibited the in vitro ac-
tivity of key enzymes of carbohydrate metabolism. This study showed
that jaboticaba is an excellent dietary source of polyphenols and that
the most commercially relevant species is also the richest phenolic
source. Altogether, these results show the importance of eating the
whole jaboticaba, without discarding the skin or seeds, in order to
make the most of its health beneﬁts associated with the presence of
polyphenols.
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